ULTRA-VIOLET LIGHT AND VACCINE VIRUS : I. THE REACTION OF IRRADIATED SKIN TO VACCINE VIRUS. by Rivers, Thomas M. et al.
ULTRA-VIOLET  LIGHT  AND  VACCINE  VIRUS. 
I.  THE  REACTION  OF  IRRADIATED  SKIN  TO  VACCINE  VIRUS. 
BY THOMAS  M. RIVERS, M.D., HENRY STEVENS, AND FREDERICK L. 
GATES, M.D. 
(From the Hospital and the Laboratories of The Rockefeller Institute  for  Medical 
Research.) 
PLATE 5. 
(Received for publication, September 28, 1927.) 
Ledingham (1) reported that the injection of India ink into the skin 
of rabbits induced a local refractory state to the action of vaccine virus, 
i.e.,  the visible reaction usually produced by vaccine virus failed to 
occur in parts of the skin previously treated with ink.  Carnot and his 
coworkers (2) determined that areas of rabbits' skin repeatedly exposed 
to ultra-violet light were less susceptible to the actionof vaccine virus 
than were untreated areas of skin in the same animal.  Le F~vre de 
Arric observed that  the shaved skin  (rabbits')  exposed to Roentgen 
rays was more resistant  14 days later to vaccine virus than was un- 
treated skin (3).  Theobservations of these men and a desire to obtain 
information concerning the modification of the picture of vaccinia in 
rabbits  by means  of non-specific procedures led  to  the  experiments 
which are reported in the present paper. 
Methods  and  Materials. 
Vaccine Virus.--The  vaccine virus used in  these experiments was  obtained 
originally from Dr. Noguchi.  It is free from ordinary bacteria and is propagated 
in the testicles  of rabbits  (4).  A large  amount of the virus was prepared and 
glycerolated.  To facilitate comparison  of results,  the same virus emulsion  was 
used in all experiments. 
Animals.--The  majority of the  rabbits  used  were  albinos.  Other kinds  of 
rabbits were employed, however, and the results observed in them were similar to 
those obtained in albinos. 
Irradiation and  Vaccination.--The  hair was removed from large areas of skin 
by shaving.  In the animals  that received only one irradiation, selected areas of 
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the shaved skin were exposed to the direct rays of the quartz mercury arc (60 to 65 
volts D. C.) at a distance of 50 cm. for periods of time ranging from 5 to 40 minutes. 
The control areas of skin were protected against the action of the  ultra-violet 
light by screens of lead-foil.  At different intervals of time following the comple- 
tion of the irradiation the treated and untreated areas of skin were scarified and 
inoculated with vaccine virus.  In the rabbits that received repeated irradiations, 
shaved areas  of skin over the dorsal surface of the animals  were exposed to the 
action of ultra-violet light at a distance of 1 meter for 15 to 30 minutes, at daily 
intervals for 1 or 2 weeks.  After the repeated exposures to the light, the treated 
skin was scarified and inoculated with vaccine virus.  Control areas of skin of the 
same animals, on the lateral surface of the abdomen and thorax, were shaved and 
inoculated in a manner similar  to that employed in the treated areas.  As an 
additional control, the shaved skin over the dorsal surface of rabbits not treated 
with ultra-violet light was also scarified and inoculated with vaccine virus. 
In studying the effect that ultra-violet light has upon the skin of 
rabbits in regard to the activity of vaccine virus subsequently inocu- 
lated upon it, the work was divided into two parts; the first dealt with 
the effect of single exposures, the second with repeated irradiations. 
Effect  of Single Irradiations. 
A number of rabbits were exposed to the rays of the quartz mercury 
arc for 5, 10, or 30 minutes.  30 to 60 minutes after the exposures to 
the light were completed,  areas of treated  and  untreated  skin  were 
scarified and inoculated in the usual manner with vaccine virus.  Nine 
experiments were performed in the first series.  The results are sum- 
marized in Table I. 
The results shown in Table I  indicate that the activity of vaccine 
virus is delayed and mitigated (see Fig. 1) when the virus is inoculated 
on the recently irradiated skin of a  rabbit.  Furthermore, the lesions 
that develop in treated skin are frequently more deeply situated than 
are those in untreated  skin. 
The fact that  the lesions in the irradiated  skin were delayed and 
more deeply situated than usual led us to suspect that they might have 
resulted from virus transported to the treated skin through the blood 
stream  from  the  lesions  in  the  untreated  skin.  Experiments  were 
performed to obtain  information concerning the  source of the virus 
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An area of a  rabbit's skin was irradiated for 40 minutes in the usual manner. 
Thirty minutes later the irradiated skin was gently scarified and inoculated with 
vaccine virus.  Care was taken not to soil the untreated skin with virus.  Another 
rabbit whose skin had not been exposed to ultra-violet light was inoculated in the 
usual manner.  The lesions in the control rabbit appeared on the 3rd day,  and 
TABLE  I. 
The Reaction of Irradiated Skin to  Vaccine Virus Inoculated upon It Shortly after 
Single Irradiations. 
Rabbit  Distance Time of  Voltage 
No.  from arc  exposure  of D.C. 
cm.  rain. 
50  30  50-65 
"  10  " 
"  10  " 
Results of vaccination 
Irradiated skin  I  Untreated skin 
One pustule appeared 6th 
day 
No lesions 
+ 
First definite sign 6th day 
+ 
First definite sign 5th day 
+ 
First  definite sign 6th day 
? 
Doubtful take 6th day 
? 
No definite lesions 
Eleven pustules appeared 
3rd day 
Numerous lesions 
+++ 
Appeared 3rd day 
++++ 
Appeared 3rd day 
++++ 
Appeared 3rd day 
++ 
Appeared 3rd day 
+++ 
Appeared 3rd day 
++ 
Appeared 4th day 
+ 
Appeared 4th day 
++ 
Appeared 4th day 
+ 
Appeared 4th day 
+++ 
Appeared 3rd day 
+++ 
Appeared 3rd day 
+++ 
Appeared 3rd day 
+++ 
Appeared 3rd day 
+  indicates a  positive reaction  to  vaccine virus. 
indicates the severity of the reaction. 
? indicates the presence of a doubtful reaction. 
The  number  of  +  signs 
were confluent.  Only a  few lesions developed in the  treated  rabbit; they ap- 
peared on the 5th day and were deeply situated in the skin.  Several experiments 
of this character were performed and the results were always the same, provided a 
potent vires was used. 
Two rabbits were shaved on both sides of the thorax and abdomen.  Two areas 
on one side of each rabbit were irradiated for 20  and 40 minutes respectively. 40  ULTRA-VIOLET  LIGHT  AND  VACCINE  VIRUS.  I 
Strips  of skin  for controls  were protected from  the effect of the light.  Imme- 
diately after irradiation  the untreated  side of each  rabbit was  inoculated  with 
vaccine virus in  the usual  manner.  The lesions at  the sites  of inoculation  ap- 
peared on the 3rd day, and later coalesced.  On the 5th day a few discrete lesions 
were observed in the irradiated  skin.  None were seen, however,  in the nearby 
skin protected by foil. 
The results  of the  two sets of experiments just  described indicate 
that the deep, delayed lesions in the irradiated skin of the rabbits em- 
ployed for the experiments summarized in Table I  may have  resulted 
either from the virus inoculated directly on the treated  skin or from 
virus transported to it by the  blood  from  lesions  in  the  untreated 
skin. 
It seemed of interest to ascertain whether irradiated skin possesses 
virucidal properties for vaccine virus.  This matter was investigated 
in the following manner. 
The skin on one side of a rabbit was irradiated  for 40 minutes.  Immediately 
after the completion of the irradiation  the rabbit was sacrificed.  The superficial 
layers of the treated skin were then removed and emulsified.  As a control,  skin 
from the untreated side was removed and emulsified in a similar manner.  Por- 
tions  of each emulsion were mixed with small amounts of vaccine virus and in- 
cubated  at 37°C. for  1 hour.  These  mixtures  were  then  smeared  on areas  of 
scarified  skin  of the  same  rabbit.  Lesions  developed  at  all  points  where  the 
mixtures  were  placed. 
From the  above  experiment  it  may be  concluded  that  irradiated 
skin is not virucidal for vaccine virus and that the results summarized 
in Table I  were not dependent upon a  factor of this nature. 
When it had been determined that the reaction to vaccine virus was 
delayed and mitigated in irradiated  skin inoculated 30 to 60 minutes 
after treatment,  experiments were performed to ascertain  the type of 
reaction  that  occurs in  skin  inoculated with  vaccine  virus  18  to  72 
hours  after  irradiation. 
A number of rabbits were shaved and areas of skin were irradiated for 5, 10, or 30 
minutes.  Areas of skin for control on each rabbit were protected by foil.  Areas 
of treated and untreated skin  were inoculated  with  vaccine  virus  after varying 
intervals  of time  had elapsed  following irradiation.  At the time of inoculation 
the treated skin was usually red and edematous.  The results of the experiments 
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From  the results of experiments  summarized in Table II it appears 
that skin irradiated for a  short time 24 to 72 hours prior to inoculation 
TABLE  II. 
The Reaction of Irradiated Skin to Vaccine Virus Inoculated upon It 18 to 72 Hours 
after Single Irradiations. 
Dis- 
Rabbit  tance 
No.  from 
&rc 
c~. 
10  50 
11  " 
12  " 
13  " 
14  ~c 
15  " 
16  " 
17  " 
~g 
Lapse of 
time 
Time  ]  Volt-  between 
of ex-  age of  irradia- 
posure  D.C.  tion and 
inocula- 
tion 
krs. 
~5  24 
Results of vaccination 
Irradiated skin  Untreated skin 
4-++ 
Appeared 4th day 
"  4-+4-++ 
Appeared 3rd day* 
,,  4-4-4-+ 
Appeared 3rd day 
"  +4-4-4- 
Appeared 3rd day 
Slow in developing 
18  4- 
Interpretation difficult 
~t  4- 
Interpretation difficult 
48  +++++ 
Appeared 3rd day 
,,  +++++ 
Appeared 3rd day 
72  ++++4- 
Appeared 2nd day 
,,  +4-+4-+ 
Appeared 2nd day 
4- 
Appeared 4th day 
++4- 
Appeared 2nd day 
++4- 
Appeared 2nd day 
4-+4- 
Appeared 2nd day 
+4-4- 
Appeared 3rd day 
4-++ 
Appeared 3rd day 
+4-++ 
Appeared 3rd day 
4-+++ 
Appeared 3rd day 
+4-4-+ 
Appeared 2rid day 
+4-4-+ 
Appeared 2nd day 
* Frequently difficult to determine the time of appearance of the lesions in the 
irradiated skin, inasmuch as the skin was red and edematous as a  result  of the 
irradiation. 
+  indicates a positive reaction to vaccine virus.  The number of  4- signs in- 
dicates the severity of the reaction. 
4- indicates a positive reaction masked by the irritation of the skin produced 
by the light. 
reacts more violently to vaccine virus than does untreated  skin in the 
same  animal  (see  Fig.  2). 42  ULTRA-VIOLET LIGHT AND  VACCINE  VIRUS.  I 
Effect  o/  Repeated  Irradiations. 
The effect of single exposures to ultra-violet light upon the types of 
reaction  produced by vaccine virus  subsequently  inoculated  on the 
treated skin aroused interest in the question as to what effect repeated 
irradiations  would  have  upon  such  reactions.  The  matter  was  in- 
vestigated  in  the  following  manner. 
A number of rabbits were shaved.  Certain areas  of skin were irradiated for 
15 or 30 minutes  daily for about a fortnight.  At first the skin became red after 
each irradiation,  and after a few treatments desquamation  of the superficial layers 
TABLE  IlL 
Effect of Repeated Irradiation upon the Skin in Respect to Its Reaction to  Vaccine 
Virus. 
Rabbit 
No. 
18 
19 
20 
21 
I  .  i D~stsnce 
l from arc 
m. 
1 
LI 
Voltage 
of D.C. 
50-65 
Time of 
each 
exl~osure 
mln. 
3O 
15 
No. of exposures 
9 in 11 days 
11  "  13  " 
12 "  14  " 
11  "  12  " 
Lapse of 
time 
between 
last irradi- 
ation and 
moculatior 
hrs. 
1 
48 
Results of vaccination 
[Irradiated  Untreated 
skin  skin 
++  No,st 
+  +++ 
++  ++++ 
±  ++++ 
Skin of 
untreated 
animal 
++++ 
++++ 
No test 
+  indicates a positive reaction to vaccine virus. 
indicates  a  weakly positive  reaction to vaccine virus. 
signs indicates the severity of the reaction. 
The number of  + 
of  the  epidermis  occurred.  Subsequent  to  this  no  macroscopic  changes  were 
noted in the skin, following the daily irradiations.  Finally the treated skin was 
inoculated with vaccine virus 1 hour or 48 hours after the last exposure.  Areas of 
untreated skin in the same animals  and the skin of untreated rabbits were also 
inoculated  with virus as controls.  At the time of inoculation  the irradiated skin 
appeared to be perfectly normal.  The results  of the experiments  are shown in 
Table  III. 
From the results of the experiments summarized in Table III, one 
may conclude that areas of skin repeatedly irradiated are less suscep- 
tible to the action of vaccine virus than are untreated areas of skin in 
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DISCUSSION. 
Rabbits'  skin irradiated for a  few minutes and then immediately 
inoculated with vaccine virus is less susceptible to the action of the 
virus than is untreated skin.  If 24, 48, or 72 hours elapse between the 
time of irradiation and inoculation, however, the treated skin appears 
to be more susceptible than untreated skin.  Teague and Goodpasture 
(5)  have demonstrated that herpes virus produces an  especially pro- 
nounced reaction in a  guinea pig's skin that shows active epithelial 
hyperplasia produced by applications of coal tar.  Cobbett and Mel- 
some (6),  working with hemolytic streptococci, noted that rabbits' 
ears irritated with mustard oil were more susceptible to streptococcal 
infections than were control ears during the first 48 hours following the 
irritation, after which they became more resistant than the controls,-- 
a finding the converse of that in our irradiated rabbits. 
An explanation of these phenomena and of that  which we have 
dealt is not readily found.  Certain filtrable viruses (7), among which 
are vaccine virus and herpes virus, have not been cultivated in lifeless 
media.  These active agents, however, do multiply in the presence of 
suitable living host cells.  Furthermore, the multiplication seems to 
occur best in the presence of young, actively growing cells.  These 
facts may aid in explaining the results of some of the experiments re- 
ported in the present paper.  When irradiated skin was immediately 
inoculated with vaccine virus,  the virus was placed on damaged or 
dead tissue,--for in the end the skin  desquamated.  One may pre- 
sume that the reaction to the virus was delayed or mitigated because 
of the condition of the cells with which it came in contact.  If 24, 48, 
or 72 hours elapsed between the time of irradiation and inoculation, 
the virus was placed on a skin the surviving cells of which were already 
stimulated toward repair while multitudes of others had come in from 
the blood stream.  Falling on such a soil the vaccine virus mac well 
have acted more intensely than usual.  This explanation is suggested 
merely as a  possibility. 
The skin that was repeatedly exposed to ultra-violet light appeared 
to be normal except for a light tan noted in a few instances.  Yet in 
spite of its normal appearance, this irradiated skin was less susceptible 
to the action of vaccine virus than was untreated skin.  No reason can 
at present be offered for the enhanced resistance to vaccine virus. 44  ULTRA-VIOLET.  LIGHT. AND  VACCINE VIRUS.  I 
It is obvious that the reaction of the skin to certain viruses may be 
modified by means of non-specific procedures.  Furthermore, since a 
great deal of the evidence in favor of the identity of some of the epi- 
theliotropic viruses has been obtained by means of cross-immunity ex- 
periments conducted in the skin of human beings  and animals, it is 
possible that factors of a non-specific nature, generally overlooked or 
underestimated, are responsible for part of the confusion concerning 
the  interrelationship existing between  certain  of  these  viruses. 
SUMMARY. 
Rabbit skin treated for a  few minutes with ultra-violet light and 
then inoculated at once with vaccine virus is less susceptible to the 
action of the virus than is untreated skin.  If 24,48,or 72 hours elapse 
between  the  time  of  irradiation  and  inoculation, the  treated  skin 
appears to be more susceptible than is untreated skin.  Skin repeat- 
edly exposed to ultra-violet light is less susceptible to the action of 
vaccine virus than is non-irradiated skin. 
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EXPLANATION OF PLATE 5. 
FIG. 1. Rabbit 1961.  A irradiated, B control.  Both A and B were inoculated 
with vaccine virus within a few minutes after irradiation of A.  The broad dark 
lines observed in A are the effects  of scarification  and do not represent a reaction 
to vaccine  virus. 
FIG. 2. Rabbit 1960.  A irradiated, B control  Both A and B were inoculated 
with vaccine  virus 24 hours  after irradiation  of A. THE JOURNAL OF EXPERI MENTAL MEDICI NE VOL. XLVl I.  PLATE 5. 
(Rivers,  Stevens,  and Gates:  Ultra-violet  light  and vaccine  virus.  I.) 